Background. Motivational interviewing (MI) is an effective tool to help clinicians with facilitating behavioural changes in many diseases and conditions. However, different forms of MI are required in different health care settings and for different clinicians. Although general practitioners (GPs) play a major role in Type 2 diabetes management, the effects of MI delivered by GPs intended to change the behaviours of their Type 2 diabetes patients and GP outcomes, defined as GP knowledge, satisfaction and practice behaviours, have not been systematically reviewed.
Introduction
Diabetes is a growing chronic disease worldwide (1) (2) (3) (4) . Diabetes and its complications, including chronic kidney disease, stroke and heart disease, are major public health problems globally and the numbers are predicted to rise (4-7). Many Type 2 diabetes patients are often unable to adjust their eating habits, resulting in poor control of their blood sugar levels and eventually leading to complications. Previous studies and systematic reviews have explored barriers to the improvement of the dietary habits and exercise of Type 2 diabetes patients and have reported that the barriers include lack of knowledge (8, 9) , misperceptions about diabetic diet (8) , lack of motivation, poor self-discipline (9, 10) , difficulties for healthcare providers in giving advice (11, 12) , non-attendance at diabetes education classes (13) , perceived difficulty in taking part in exercise or being distracted by media (14) . In addition, one of the barriers to effective Type 2 diabetes management in primary care is that clinicians lack confidence in their knowledge of guidelines and skills for facilitating behavioural change (15) .
General practitioners (GPs) or family physicians play an important role in diabetes management, covering initial, coordinating, continuing and comprehensive care. Their roles are therefore important in enhancing health outcomes by changing behaviour (16) . GPs are ideally placed for disease prevention and health promotion about patient lifestyles and counselling concerning risk factors (17) . A previous systematic review and meta-analysis has shown the significant impact of primary care providers giving counselling on patients' attempts to change behaviour related to their weight (18) . However, another systematic review and meta-analysis examined the impact of GPs providing advice, both brief and intensive, in regard to lifestyle modification involving alcohol, smoking, diet and exercise, and found no substantial changes (19) .
Motivational interviewing (MI) is a well-known method of counselling developed by Miller and Rollnick (20) . MI has been applied in a broad range of lifestyle issues and diseases (20, 21) . Many studies have reported the effectiveness of MI in managing many conditions or diseases, including alcohol abuse (22) , increasing physical activity (23, 24) , smoking (25) , pain management (26) , and weight reduction and blood sugar control (27) (28) (29) . MI contents based on Miller and Moyers (30) are categorized into eight stages (21, 30, 31) , comprising: (i) becoming familiar with the MI spirit; (ii) acquiring basic MI skills; (iii) identifying and reinforcing change talk; (iv) bringing out and strengthening change talk; and (v) rolling with resistance. Stages 1 to 5 are classified as the basic phase of MI or its principles (21, 31) targeting the development of patient motivation to change (31, 32) . Phase 2 of MI focuses on building up commitment and action for change (31, 33) , including: (vi) developing a plan; (vii) assisting the patient to commit to the change plan; and (viii) developing ability to switch between MI and other interventions.
Different forms of MI will be needed in different health care settings and for different clinicians, in which these need different lengths of consultation and forms of MI (34) . The positive impacts of MI have been revealed in a wide range of diseases, different settings, and different modes of delivery delivered by various healthcare professionals (20, (35) (36) (37) (38) (39) .
In general practice or primary care settings, the effects of MI or MI training in various diseases or conditions have been evaluated (21, 40) . In terms of Type 2 diabetes, MI has shown promising effects on many behavioural aspects (41, 42) . One study showed that MI delivered by nursing staff improved Type 2 diabetes patients' self-management, quality of life and HbA1c (43) . Another study showed the effectiveness of MI in weight loss in women with Type 2 diabetes when MI is delivered by a psychologist (28) . However, one study concluded that the use of MI in managing Type 1 and 2 diabetes did not provide benefits over usual care when delivered by nurses, dietitians, physiotherapists and psychologists (44) . It is important to note that MI delivered by GPs, who are in the ideal setting and have a critical role in changing behaviour, has not been a focus of study.
Despite evidence of the effectiveness of MI in the treatment of lifestyle problems and diseases, the studies included in the review were heterogeneous in terms of different types of healthcare professionals, different health problems/conditions, and different countries and/or settings. These factors may limit the generalizability of the conclusions for general practice. In addition, the effects of MI targeted at GPs' Type 2 diabetes management have not been systematically reviewed. The objective of this present study, therefore, was to evaluate the effects of MI delivered by GPs to Type 2 diabetes patients on the change of GPs' attitudes, knowledge and practices and patients' clinical outcomes.
Methods

Search strategies
A search was conducted of multiple databases supplemented by a review of each article's references. The keywords, search terms or combinations were based on the PICO model (Population, Intervention, Comparison, Outcome) and included 'general practitioners', 'general practi*', gp*, 'family practi*', diabet*, 'type 2 diabet*', T2DM, 'diabetes mellitus, type 2', 'motivational interviewing', 'MI'. The search was performed on the Cochrane Library, Scopus, ProQuest, Wiley Online Library, Ovid MEDLINE, PubMed, CINAHL, MEDLINE Complete and Google Scholar from the earliest date of each database to 2017. This search was completed in February 2017.
Study selection
The titles and abstracts of all retrieved articles were screened by two of the authors (IT, RM). The two reviewers (IT, RM) screened the full text of possible articles based on the inclusion and exclusion criteria (Table 1 ). Disagreements were resolved by discussion.
Data extraction
The data were extracted in standardised form in order to minimize the risk of bias (45) . Information extracted included author, year of publication, setting/country, participants, study design, follow-up period, length of exposure, MI content, interventions and the main outcome measures.
The effects of MI were considered based on desired outcomes, which were categorized into four main domains: satisfaction with the program, knowledge, practice behaviour and patient outcomes (45) . Study results were classified as 'positive' if there were statistically significant and positive changes in all measured outcomes. In instances where a study did not include inferential statistics, the results were classified as 'positive' if the study authors reported it so. Study results were classified as 'partially positive' (mixed results, +/0) if positive results were reported for some but not all measured outcomes (45) .
The Jadad et al. criteria (46) were used to assess the quality of each study. A score between 5 (high quality) and 0 (low quality) was assigned to each study. The validity and sources of bias for each study were assessed using the Joanna Briggs Institute Meta Analysis Statistics Assessment and Review Instrument (MAStARI) critical appraisal tools (47) .
Results
Figure 1 displays a summary of the results of the literature search. The search identified 1882 citations. After excluding duplicates and studies that did not relate to our review, 113 articles were selected for full text review. Eight articles met the inclusion criteria and were included in the present review (48) (49) (50) (51) (52) (53) (54) (55) , three of which were a study series (48) (49) (50) 
Study characteristics and evaluation methods
The studies included five randomised controlled trials (48, (51) (52) (53) 55) and one trial without control groups (54) . Objective measures, such as patient blood sample tests, were the most common method of measurement (48, (51) (52) (53) (54) (55) , followed by patient questionnaires (48, 49, (51) (52) (53) , GP questionnaires (50), a review of a third party database (48) and patient self-recordings (51).
Study participants and study settings
All of the studies focused solely on GPs or family practitioners (48, (51) (52) (53) (54) (55) . Two were conducted in primary care settings (48, 54) , outpatient clinics (52, 53) and general practices (51, 55) . Two studies were conducted in Denmark (48, 54) , and one in each of the US (52), Italy (53), Belgium (51) and Bosnia and Herzegovina (55) .
Study quality
Each of the studies had identifiable methodological limitations. Most studies were randomized and described their randomization techniques adequately (48, (51) (52) (53) 55) . However, none had adequate concealment of allocation (48, (51) (52) (53) (54) (55) . Only one trial described a blinded evaluation process (52) . Just half of the included studies described the number and reasons for withdrawals (48, 51, 53) . Baseline measurements between intervention and control groups were similar in two (52, 53) of the five studies.
Based on the quality assessment for each study, four (48, 51, 53, 55) , one (52) and one (54) study(ies) achieved a score of 4, 3 and 2, respectively.
Motivational interviewing characteristics
The duration of MI training varied, ranging from a 3-hour faceto-face session (54) to a 3-day session with two half-day followups, accounting for a total of 28 hours (55). However, one study did not mention whether training was provided (53) , whilst another stated without giving details that the physicians were trained in MI (52) . One study conducted a 3-hour session to introduce GPs to the strategies and techniques of MI (54) . One study included three workshops of different lengths (48) , whilst another included an intensive training session, involving role-playing, rehearsals and a follow-up discussion after the first consultation with the patients (51) .
The implementation of MI in practice also varied. Although three consultations of 45 minutes per patient were to be delivered over a 1-year period, the participating GPs reported providing only two out of three (48) . Another study provided three individual 15-minute face-to-face consultations (51), one study provided a 30-minute consultation every 3 weeks for a period of 3 months (55), another study delivered MI on two different days every 3 months during the 18 months of intervention (54) , whilst another delivered MI every 3 months for a period of 9 months (52). One study offered a 30-minute consultation and a follow-up 1 month later by a telephone call at home, then a 15-minute consultation at the outpatient clinic every 3 months for 2 years (53).
Effects of motivational interviewing
GP outcomes
Only one study reported the effects of MI on GPs (50). Two measured outcomes were observed: satisfaction with the interventions and observed changes in GP practice/behaviours (50) . None of the studies included in this present review reported the effects of MI training course on GP knowledge after the training program. The majority of GPs who attended the MI training course reported being partially satisfied with the quality of the training program and the methods of MI in general practice. The GPs who trained in MI adhered significantly more to MI methods than those without the training. Notably, MI was used in only two out of three planning consultations. One year after the course in MI, the majority of GPs reported using specific methods of MI in general practice. The overall effects of MI on GPs based on the two measured outcomes yielded mixed results (Table 2) .
Patient outcomes
Three measured outcomes were noted: patients' attitudes to the counselling style and the disease, patients' self-reported changes in their behaviours and patients' anthropometric measures and biochemical markers. The desired outcomes of MI included changing (49) , and blood pressure, waist circumference, body weight, body mass index, HbA1c, blood sugar and blood lipids (48, (51) (52) (53) (54) (55) . Two thirds of the studies (51-53,55) found a significant improvement in at least one of the following patient outcomes: total cholesterol, low-density lipoproteins, fasting blood glucose, HbA1c, body mass index, blood pressure, waist circumference and physical activities. The overall effects of MI on patient outcomes yielded mixed results ( Table 2) .
Discussion
The present systematic review assessed the evidence for the effectiveness of MI techniques performed by a GP in the management of Type 2 diabetes patients. The effects of MI identified in the present review fit the four levels of Kirkpatrick's learning evaluation model (21, (56) (57) (58) , comprising satisfaction, learning, performance and patient/health outcomes. Although MI has become more widely disseminated and interesting for healthcare professionals since the 1990s (21), the present review showed that few studies have examined the effectiveness of MI implemented by GPs in their practices, particularly focusing on their Type 2 diabetes management. The effects of MI by GPs mainly focused on patient clinical outcomes, and only one study targeted satisfaction with and adherence to this method in the busy day-to-day practice of GPs. None of the reviewed studies tested the effects of MI on GP knowledge or competency in MI. In addition, none examined the difficulties in utilization and other barriers in implementing this technique in practice. Furthermore, only one study explored the learning or training aspects of MI. The effects of MI based on the studies included in this present review showed mixed results for both GP and patient outcomes.
The targeted behaviours of Type 2 diabetes management
The most common targeted behaviour in the reviewed studies was the promotion of physical activity (51) (52) (53) (54) , whilst the other aspect was quality of care (48) (49) (50) 55) . This is similar to the previous systematic review (41) , which aimed to explore the evidence of MI on behavioural changes of Type 2 diabetes patients in different practice settings, and the delivery of MI was not limited to GPs. Other aspects of Type 2 diabetes management, such as medication adherence (41), still need further exploration.
The characteristics, duration and follow-up sessions of MI training
The training methods and duration varied. The majority of the included studies did not state clearly the details of the training method, but one provided multiple techniques (51) . A previous review reported the value of using multiple training methods (31) , which is consistent with the finding that in medical education multifaceted educational methods are effective in improving physicians' knowledge, attitudes and practices (45, (59) (60) (61) (62) . The length of intervention exposure was another factor taken into account when interpreting the effects of the training educational program, but this was found to be unclear, unmeasurable or not specified in the reviewed studies (45) .
Only three studies in this present review provided follow-up to the training (48, 51, 55) . A previous review showed the changes in GPs knowledge after Type 2 diabetes education following a one-month follow-up but not in the long term, and this indicates the need to further examine the belief in reinforcing educational activities (45) .
Less than half of the included studies described the training characteristics. The majority of the reviewed studies involved the first phase of MI (resolving the patient's ambivalence and building motivation for changes), rather than phase 2 (strengthening commitment and action for change). This is similar to previous systematic (52) + (55) - (54) 0 (55) + (55) + = positive effect; 0 = no effect; − = negative effect; +/0 = mixed effect (some measured variables showed positive effects and the others showed no effects). MI = motivational interviewing. NA = not applicable (none of the studies included in this present review measured or reported that outcome). reviews (21, 31) , which involved studies in which the MI training was provided for a variety of professions, and for a range of conditions/diseases such as substance abuse, smoking, alcohol, medication adherence and lifestyle counselling. Therefore, based on the eight stages of MI, the MI training targeting Type 2 diabetes management seems to resemble that for other fields.
MI implementation in practice
The implementation of MI in practice varied in the present review both in terms of length of each consultation, frequency and duration and method of follow-up. A previous review suggested that the duration of each consultation and the number of consultations may affect the outcomes (38) .
None of the studies included in the present review focused on how MI was implemented in practice. Previous research has shown that the utilization of MI in daily practice is difficult (63, 64) . One study showed that GPs hardly applied MI in their consultations (65) and clinicians spent little time on dietary and physical activities for Type 2 diabetes patients (66) . Another study concluded that MI in combination with other lifestyle interventions for Type 2 diabetes patients was difficult in routine primary care, despite its promising effects on patient outcomes (67) .
Although it is difficult to implement MI, some studies concluded that it was possible to adopt MI in daily clinical work in general practice (68, 69) . MI can be effective even in brief consultations of 15 minutes (20) and Type 2 diabetes patients respond in a positive way to MI (70) .
Challenges in adopting MI in general practice
There are many challenges in both training in and implementation of MI in practice (31) . Firstly, GPs lack skills in this technique. Previous studies suggested that learning and mastering MI requires highly complex clinical skills and is time-consuming (21, 71) . Therefore, effective methods of MI training for GPs are needed. A previous study could not indicate the best way to train GPs in MI (21) . However, the suggestions included learning in workshops of sufficient duration with follow-up sessions and post-course supervision (21) . In addition, it is necessary to assess educational needs for MI content, training techniques and media, since the effectiveness of a learning program depends on the needs of the learners (59, 72, 73) and the needs should be assessed prior to course development (74, 75) . The challenges associated with utilizing MI in general practice include difficulties in applying this technique in short consultations (76) . GPs therefore need to simplify the practice of MI (76) and further studies are needed to explore how to overcome these difficulties.
Despite the proven effects of MI in general practice (40, (77) (78) (79) , in relation to the management of Type 2 diabetes, the present review ultimately cannot answer the question whether MI works because of the few studies included in this review and their heterogeneity in terms of MI training content and methods, and the combination of other interventions and evaluation methods and outcomes. Diabetes is a complex metabolic disorder which demands a number of self-management behaviours (80) . Each consultation on diabetes has many aims to accomplish under the two different agendas of the GP and the patient, resulting in many barriers to exploring the patient lifestyle changes involving time constraints and the competing priorities of issues that need to be solved (34, 76, 80, 81) . Training in MI takes time for clinicians and needs support from trainers and working as a team in order to meet the needs of patients and staff. Therefore, GPs need to be trained in utilizing MI to achieve behavioural changes (34) . Despite the recent support by Miller and colleagues (71) that MI is effective and GPs can be trained in it in busy clinical settings (42) , more research is needed to test its effectiveness in GPs' management of Type 2 diabetes.
Study quality issues
The evaluation methods employed to measure the effects of MI involved rating and self-assessment questionnaires, and the limitations of each of these methods are widely acknowledged (45, 82) . As a result, the results must be interpreted with caution. In addition, in order to draw conclusions about the effectiveness of MI, other contextual factors that may impact the outcomes should be recognized (45) , such as GP consulting time and patient compliance with medication, which can impact glycaemic control (45) .
The present review may be limited by several factors: (i) differences in MI training and implementation; (ii) some evaluation tools lacked validity and reliability; (iii) the length of MI exposure was not clear; (iv) a study design of a one group before and after trial may produce an over-estimate of observed effects; (v) only English language articles were included in this present review, which may have excluded relevant publications in other languages.
Implications for practice and research
(i) Research focusing on MI training for GPs is noticeably absent and is needed, given the important role of GPs in changing patient behaviour. The educational need for MI may have to be explored first, together with contents and preferred training methods which suit GPs' needs. The effects of training may then have to be tested to ensure GP competency in delivering the MI technique. (ii) Further research is needed to explore how to effectively transfer MI into general practice. Qualitative research is also needed to explore barriers to and difficulties in implementing MI in general practice. (iii) Further research is needed using quality randomised controlled trials to test the impact of MI on both GP and patient outcomes. (iv) Validated and reliable tools for evaluating the effectiveness of MI should be used by researchers.
Conclusions
Few studies have examined evidence of the effectiveness of MI delivered by GPs to Type 2 diabetes patients. Evidence to support the effectiveness of MI on GP and patient outcomes is weak. Further studies are needed to examine MI training for GPs, the implementation of MI in practice and the effects of MI on GPs' knowledge, attitudes and practices and patient outcomes.
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